Introduction
Albuterol delivered by conventional "press-and-breathe" metered-dose inhalers (MDIs) is the most common symptomatic and rescue therapy for managing reversible bronchospasm in asthma and chronic obstructive pulmonary disease (COPD). Although dose counters can reliably monitor inhaler use, [1] [2] [3] [4] [5] they are not currently integrated into some rescue MDIs, making it difficult for patients to know when those inhalers are empty. In one study, only 8% of patients reported counting the number of actuations Beyond the labeled number of MDI actuations, the amount of active medication available per actuation can vary, resulting in a lower than therapeutic dose. 2, 7 Surveys of patients with asthma who use an MDI indicate that >50% of patients do not know the number of therapeutic doses remaining in their inhalers. 6, 7 Furthermore, a recent review concluded that up to 40% of patients actually using an empty or nearly empty MDI believe they are taking their asthma medication as prescribed. 8 In a recent survey of 224 pediatric and adult patients with asthma or COPD, 62% of patients reported feeling anxious about not knowing the quantity of medication remaining in their inhalers. 2 Of the patients surveyed, 72% reported shaking their inhalers to assess the quantity of remaining medication, and almost one-half (42%) waited until they thought their MDI was no longer working before replacing it. The addition of an integrated dose counter to MDIs relieved anxiety about running out of medication for two-thirds of 272 adolescent and adult patients with asthma or COPD in a subsequent study. 9 In a cohort study of 1,095 adult patients who utilized the emergency department (ED) for asthma, 324 (30%) ran out of their inhaled short-acting β-agonist (SABA) or corticosteroid medication during the week before their index ED visit. 10 Asthma prevalence remains high, affecting almost 26 million Americans in 2010, 11 with approximately two million asthma ED visits made each year. [11] [12] [13] In addition, an estimated 13.7 million adults in the US reported having a COPD diagnosis in 2011, 14 and ED visits for COPD exacerbations numbered 1.8 million in 2011, an increase from 1.5 million in 2006. 15 This retrospective database analysis using claims data was designed to investigate the impact of integrated dose counter albuterol inhalers on the incidence of respiratory-related ED visits among patients with asthma, COPD, or both. We hypothesized that the dose information provided by an integrated dose counter could lead to a reduction in the number of respiratory-related ED visits by decreasing the use of empty or near-empty canisters.
Methods

Study design
Data for this study were extracted from the Clinformatics™ Data Mart retrospective claims database (OptumInsight Life Sciences, Eden Prairie, MN, USA), which includes anonymized data from an employed, commercially insured United States population, and collected between January 2006 and September 2012. Recorded data include medical claims (primary care and secondary care), pharmacy claims, and laboratory test results.
The study comprised a 1-year baseline period for patient characterization and confounder definition and 1-year outcome period for the effectiveness evaluation, with an index date defined as the date of the first prescription for albuterol ( Figure 1 ). The study data were de-identified, thus written informed consent was not possible, and ethics committee review was not sought or deemed necessary by the authors.
Patients
Included patients were aged 4-64 years at the index date and had a diagnosis of asthma and/or COPD and/or exerciseinduced bronchoconstriction recorded at any time and at least one prescription for albuterol. All patients had a first recorded prescription for albuterol ( The asthma subpopulation was defined as patients who had at least one consultation, inpatient admission, or ED visit for asthma recorded at any time during the study period; the COPD subpopulation was defined as those who had at least one consultation, inpatient admission, or ED visit for COPD recorded at any time during the study period. The concomitant asthma and COPD subpopulation was defined as those patients having at least one consultation, inpatient admission, or ED visit for asthma and COPD and/or codiagnoses recorded at any time during the study period. We did not examine results separately for the subpopulation with exercise-induced bronchoconstriction.
Outcomes
The primary end point was the incidence rate of respiratoryrelated ED visits, defined as ED visits associated with a lower respiratory diagnostic code. Secondary end points for patients with asthma were the incidence rate of severe exacerbations (defined as respiratory-related inpatient admissions/ED visits or initiation of acute oral corticosteroids 16 ) and rate of acute respiratory events (defined as occurrence of respiratory-related inpatient admission/ED visits or acute use of oral corticosteroids or antibiotics prescribed following a general practitioner visit for lower respiratory tract infection). For patients with COPD, exacerbations were defined as occurrence of respiratory-related inpatient admission/ED visits or acute use of oral corticosteroids or antibiotics prescribed following a general practitioner visit for lower respiratory tract infection. Additional end points included the average daily SABA dose and the probability of achieving asthma control (asthma subpopulation only) as riskdomain asthma control (defined as absence of acute respiratory events) and overall asthma control (defined as risk-domain asthma control and average daily albuterol dose ≤180 μg).
Statistical analysis
Data were prepared for analysis by investigating outliers and the type and reason for missing data; skewed data were categorized if appropriate. Because of outliers, all patients with >10 ED visits were assigned a value of 10. No imputation was made for missing values.
We evaluated potential confounders, including those that were significantly different at baseline (independent sample t-Test, Mann-Whitney U-Test, χ 2 test, P<0.10) and baseline predictors of outcomes (full multivariable model, P≤0.05). Collinearity analysis of confounders (Spearman's correlation coefficients, ρ>0.3) was performed.
A multivariable model was used with stepwise reduction to derive the best-fitting model of noncollinear predictors (P<0.05). The incidence rate of ED visits was calculated using a reduced zero-inflated Poisson regression model. Exacerbation rates were compared using a reduced zeroinflated Poisson regression model, and the odds of achieving asthma control were analyzed using a logistic regression model. Average daily SABA use was analyzed using a reduced ordinal logistic regression model to determine the odds ratio (OR) for a higher categorized daily dose compared with a lower categorized daily dose (≤100, 101-200, 201-400, 401-800, or ≥800 μg albuterol).
Subanalyses were performed for patients with asthma only, COPD only, or concomitant asthma and COPD because of differences in prescribing indications and outcomes definitions.
Results
A total of 93,980 patients ages 4-64 years were included in the study (dose counter albuterol cohort: n=67,251 [72%]; non-dose-counter albuterol cohort: n=26,729 [28%]) ( Figure 2 ). The dose counter and non-dose-counter cohorts were broadly similar at baseline (Table 1) .
During the outcome period, 341 (0.5%) patients in the dose counter cohort overall had a respiratory-related ED visit, a significantly smaller proportion than in the non-dosecounter cohort (304 [1.1%]; P<0.001 for the comparison; Table 2 ). The adjusted rate ratio (RR) for respiratory-related ED visits, relative to the non-dose-counter cohort, was 0.55 (95% confidence interval [CI]: 0.47-0.65; adjusted for baseline respiratory-related ED visits, respiratory-related inpatient admissions, and asthma consultations; gastroesophageal reflux disease diagnosis, rhinitis diagnosis, short-acting muscarinic antagonist use, and β-blocker use).
Asthma subpopulation
A total of 75,787 (81%) patients had a diagnosis of asthma, including 53,964 (80%) of those in the dose counter cohort and 21,823 (82%) of those in the non-dose-counter cohort ( Table 1 ). The treatment cohorts were comparable at baseline 
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Price et al in terms of demographic characteristics, comorbidities, and medication use; a statistically significant difference in median age was not clinically significant (Table 1) .
Respiratory-related ED visits were recorded during the outcome period for 270 (0.5%) and 244 (1.1%) patients with asthma in the dose counter and non-dose-counter cohorts, respectively (P<0.001; Table 2 ). Those in the dose counter cohort had 51% lower incidence of respiratory-related ED visits (adjusted RR: 0.49; 95% CI: 0.41-0.59) (Table 2, Figure 3 ). Average daily SABA dose, severe exacerbation rates, and acute respiratory event rates were similar between treatment cohorts (Tables 3 and 4, Figure 3 ). However, corresponding with the higher number of ambulatory visits resulting in antibiotic prescriptions (Table 3) , patients with asthma in the dose counter cohort had 4% lower odds of achieving risk-domain or overall asthma control than those in the non-dose-counter cohort (Table 4, Figure 3 ).
COPD subpopulation
A total of 6,687 (7%) patients had COPD, including 4,953 (74%) in the dose counter cohort and 1,734 (26%) in the non-dose-counter cohort ( Table 1 ). The treatment cohorts were comparable for patients with COPD with regard to demographic characteristics, comorbidities, and therapy.
Respiratory-related ED visits were recorded during the outcome period for 16 (0.3%) and 23 (1.3%) patients with COPD in the dose counter and non-dose-counter cohorts, respectively (P<0.001; Table 2 ). Patients with COPD in the 
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Asthma and COPD subpopulation
A total of 6,425 (7%) patients had a codiagnosis of asthma and COPD, including 4,730 (7%) of those in the dose counter cohort and 1,695 (6%) of those in the non-dose-counter cohort ( Table 1 ). The treatment cohorts were comparable with regard to demographic characteristics, comorbidities, and therapy. There was no significant difference between the two cohorts in the unadjusted rate of outcome respiratory-related ED visit rates for patients with asthma and COPD ( 
Discussion
In this investigation of the impact of an integrated dose counter in albuterol inhalers, the incidence rate of respiratory-related ED visits during the outcome year was estimated to be 45% lower in the dose counter cohort than in the non-dose-counter cohort. This result remained significant after splitting the population by single diagnosis: a 51% lower incidence rate was seen in patients with asthma and a 60% lower rate in those with COPD. There was no statistically significant difference in ED visit incidence rate between cohorts for the small subpopulation of patients with codiagnosis of asthma and COPD. Using a dose counter device was not associated with changes in indicators of disease control, including average daily SABA dose, which was not significantly different between the dose counter and non-dose-counter cohorts, for either the overall population or the subpopulations. We can speculate that the lack of difference in exacerbations may be because ED visits were relatively low in number as compared with the other components of the composite exacerbation variables, which included inpatient admissions and oral corticosteroid courses in the case of asthma exacerbations, and also antibiotics prescribed following a general practitioner visit for lower respiratory tract infection in the case of COPD exacerbations. Moreover, patients in the dose counter cohort of the asthma subpopulation had 4% lower odds of achieving overall asthma control in the outcome period. This was because they had a higher number of ambulatory visits for lower respiratory tract infections with antibiotic prescriptions, a component of the composite asthma control measures. We have no certain explanation for the latter finding.
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Albuterol dose counter in asthma and COPD Abbreviations: COPD, chronic obstructive pulmonary disease; GP, general practice; ICS, inhaled corticosteroid; LABA, long-acting β-agonist; LAMA, long-acting muscarinic antagonist; LTRA, leukotriene receptor antagonist; OCS, oral corticosteroid; SABA, short-acting β-agonist; SAMA, short-acting muscarinic antagonist. Our data suggest that dose counters may enable patients to directly know when their rescue medication is empty and thus avoid using empty inhalers during exacerbations. This knowledge may help to reduce the need for acute health care interventions such as ED visits. However, although this significant difference (halving) in ED visits has important clinical consequences, ED visits were a relatively rare event (absolute rates were low) in a relatively mild disease population (those receiving first prescribed rescue medication in the study period and likely to be newly diagnosed patients). For patients with more severe disease, such a reduction in costly ED visits may be more important because higher health care costs are associated with greater asthma severity, 17 and a substantial proportion of the health care costs associated with COPD accrue from patients with frequent ED visits for acute COPD exacerbations. 18 Prior studies of patients with asthma or COPD have reported high levels of patient satisfaction (>90%) with the use of dose counters on MDIs containing rescue medication, specifically with regard to the ability to know when the inhaler should be replaced.
1,2 In a recent online survey of 590 adults and children with asthma, many of whom were found to have empty or expired reliever inhalers, the addition of a dose counter was named most frequently as a means of improving satisfaction with their reliever inhalers. 19 In the future, newer technologies may improve patient engagement with their therapy, and gains in disease management may be possible if the rescue dosing data are better integrated into practice. For example, in a recent study, telemonitoring of SABA use via a patient-facing smartphone app, with dose reporting to providers, was associated with decreased use of rescue medication and improved asthma control among those adults initially lacking asthma control. 20 An important limitation of this study is the nonrandom treatment assignment, an issue common to all observational studies. 21, 22 Although adjustment for potential confounders was performed wherever feasible, there remains the possibility of unrecognized bias or confounding. In addition, detailed patient characterization was not possible from the data. For example, we could not determine whether patients with both asthma-and COPD-related claims should have been defined as having asthma-COPD overlap syndrome. 23 Moreover, information on spacer use would have been of interest to consider.
Strengths of the study include, 1) the large patient population, 2) the fact that all patients were members of an employed, commercially insured population (thus of similar socioeconomic status), and 3) the fact that the two cohorts (dose counter and non-dose-counter) were in the same insurance plan (thus affordability was likely similar for all). However, the generalizability of study findings is limited to patients receiving a first prescription for albuterol and to employed, commercially Note: There were no significant differences between cohorts (χ 2 test). Abbreviations: COPD, chronic obstructive pulmonary disease; N/A, not applicable.
insured patients such as those who were included in the database. Further studies are needed to explore the use of integrated dose counters for other patient populations.
Conclusion
We found that the integration of dose counters into rescue inhaler devices is associated with decreased ED visit frequency. The presence of integrated dose counters on rescue inhalers can help patients avoid using an empty or near-empty inhaler during exacerbations, thereby ensuring available medication for relief of their symptoms. The integration of dose counters on rescue MDIs could represent a simple and effective tool to improve clinical outcomes during exacerbations, with a potential for cost savings to health care systems.
